Introduction
Schwannoma is a benign neurogenic tumor derived from Schwann cells; it may also be referred to as neurilemmoma, neuroma, neurinoma, and nerve sheath tumor. Theoretically, Schwannoma can occur in any nerve trunk or organ, except for the olfactory and optic nerves because they lack Schwann cells. 1 The most commonly affected sites include the upper extremities, trunk, head and neck, retroperitoneum, mediastinum, and pelvis. 2 Schwannomas have also been reported to occur in unusual locations, including the rectum, bile duct, and stomach; 2 however schwannomas arising from the liver are quite uncommon.
Hepatic schwannoma was first reported by Pereira et al in 1978, 3 and only 23 cases, of which 17 were benign and 6 were malignant, have been thus far reported in the English literature. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Pathologically, a schwannoma is characterized by a contexture of mixed Antoni A and B areas. Antoni A areas are hypercellular components that contain dense spindle cells in a nuclear palisade arrangement (palisading) and are supplied by profuse blood flow. In contrast, Antoni B areas are loose myxoid components with a few cells and a scarce blood supply. The relative proportions of the two components can vary between tumors, which can influence tumor appearance.
A schwannoma usually appears as an encapsulated solid mass with the various degrees of cystic and hemorrhagic degeneration, particularly in large lesions, which may mimic malignant neoplasms; however, schwannomas with a multicystic appearance are extremely unusual, and only two cases have been reported. 6, 17 We report herein a middle-aged woman with a benign hepatic schwannoma appearing as a large multi-cystic mass, describe its gadoxetic acid disodium (EOB)-enhanced MR imaging features with the correlation of the histopathology and briefly review the literature.
Case Report
A hepatic mass was incidentally noted by abdominal ultrasound during a regular check-up in a 50-year-old woman without symptoms. She was then referred to our hospital for further examination and treatment. She had a history of untreated diabetes mellitus and gallstones, but no history of hepatic disorders. She did not have either a drinking or smoking habit. Physical examination revealed no remarkable findings, such as a H. Haradome et al. Fig. 1D-G) , some nodular arterial enhanced areas and several gradually enhanced solid-like areas along the septa were observed during the dynamic phases; they also showed slight hypointensity at the hepatocyte phase on 15 min. In contrast, the cystic parts appeared as clearly more hypointense areas compared to the solid-like parts at the hepatocyte phase. However, on T 2 -weighted and diffusion-weighted images, the solid-like and cystic parts were difficult to distinguish from each other because they appeared to be similarly hyperintense. The mass was primarily located at segment 4 and protruded toward the hepatic hilum (Fig. 1H) . Mild intrahepatic duct dilatation was observed at the periphery of the mass due to its compression, but no fat component was identified in the mass.
EOB-enhanced MR images (
Based on these imaging findings, mucinous cystic neoplasm (MCN), cyst-forming intraductal papillary neoplasm of the bile duct (IPNB), hydatid disease, and degenerated schwannoma were considered as the differential diagnosis. However, mesenchymal sarcoma could not be excluded; left lobectomy was planned to determine the pathology.
Macroscopically, the resected tumor appeared as an encapsulated yellowish mass, measuring 7.8 cm in maximum diameter; it had a multi-cystic appearance with multiple septa at the cut surface ( Fig. 2A) . Hematoxylin-eosin-stained sections revealed mixed dense and loose spindle cell proliferation separated by multiple septa and extensive cystic and hemorrhagic degenerated areas (Fig. 2B) . The spindle cells appeared in a nuclear palisade arrangement (palisading), corresponding to Antoni A areas (Fig. 2C) . The majority of the tumor consisted of myxoid components with loose spindle cell proliferation (Antoni B areas) and several cystic and hemorrhagic areas. No significant evidence of nuclear atypia, palpable abdominal mass, abdominal tenderness, or abnormal bowel sounds. Routine hematological and blood biochemistry examination results were normal. All hepatitis B and C virusrelated indices were negative. The cancer antigen 19-9 level was slightly elevated (46.8 U/mL); however, the levels of other tumor markers, including alpha-fetoprotein, protein induced by vitamin K absence or antagonist-II, and carcinoembryonic antigen, were within normal limits.
Contrast-enhanced CT evealed a large, well-defined multi-cystic mass with a maximum diameter of 7.8 cm in the left hepatic lobe; some nodular arterial enhancement areas that persisted until the equilibrium phase were observed along the septa. A moderately enhanced thin capsule surrounding the mass was also identified at equilibrium phase on contrast-enhanced dynamic CT. The mass had mixed loculi showing water density and slight hyperdensity, suggesting hemorrhage on plain CT. Neither calcification nor fat components were observed in the mass. No lymph node swelling or lesions in other organs were observed.
On MR imaging, a multi-cystic mass with a thin capsule showing heterogeneous hyperintensity on both fat-saturated T 2 -weighted (TR/TE, 4498/97.9 ms; matrix, 320 × 22; slice thickness/gap, 7/8.4 mm) ( (Fig. 1C) imaging reflecting hemorrhage, and some of them contained fluidfluid levels on fat-saturated T 2 -weighted imaging due to plasma-blood separation (hematocrit effect) (Fig. 1A) . On . Gadoxetic acid disodium-enhanced MR images show some nodular arterial enhanced areas (arrows) and several gradually enhanced solid-like areas along the septa (arrowhead) during dynamic phases (D-F), and they showed slight hypointensity at the hepatocyte phase (G). The mass was primarily located at segment 4 and protruded toward the hepatic hilum (H). Mild intrahepatic duct dilatation (arrow) is also observed at the periphery of the mass (A). Notably, the cystic part appears as a clearly more hypointense area compared to the solid-like part at the hepatocyte phase (G), although the solid-like and cystic parts are similarly hyperintense on fat-saturated T 2 -weighted (A) and diffusion-weighted images (B). 
Discussion
Schwannoma is an encapsulated, slow-growing, neurogenic tumor derived from the Schwann cells of the peripheral nerve. Schwannoma can occur anywhere in the nerve trunk or organs; however, it very rarely arises in the liver, presenting as hepatic schwannoma.
Schwannoma is also associated with neurofibromatosis in approximately 50% of the cases, and three such cases of hepatic schwannoma have been reported; 8, 20, 21 however, the present case did not appear to have associated neurofibromatosis. In extremely rare cases, these tumors can cause malignant transformation, even in hepatic schwannoma; six malignant hepatic schwannomas have been reported to date. [9] [10] [11] [20] [21] [22] The sympathetic and parasympathetic fibers originating from the hepatic plexus in the liver hilum, some of which are also distributed among the interlobular connective tissues along the portal veins and arteries, are thought to be the origin of hepatic schwannomas. 23 In general, schwannomas can occur at any age, but primarily arise in patients aged 20-50 years, with no differences between genders. The results of a 40-year review of previously reported hepatic schwannomas by Wan et al. 4 revealed a mean age of 51.7 years (range, 21-83 years), which is not too different from that of all schwannomas; however, more hepatic schwannoma patients tend to be female, as is the present patient. These investigators 4 also reported that hepatic schwannomas were more common in Asians than in Europeans and North Americans.
The major symptoms of patients with hepatic schwannoma are upper abdominal pain/discomfort, as described previously; however, several patients without any symptoms have recently been reported, because hepatic masses are increasingly being found incidentally on routine or follow-up imaging due to advanced imaging modalities. Patients with malignant schwannomas rarely complain of obstructive jaundice, and there is no case of patients with benign schwannomas and obstructive jaundice. 4 The tumor size in the reported cases varied between 2.3 and 30 cm. Malignant tumors tended to be larger (mean, 16.7 cm), although some benign tumors were also large (>20 cm in diameter), as in the present case. Tumors have been observed in all lobes, although benign lesions occurred predominately in the right lobe, while the left or both lobes were affected in malignant cases. 4 Hepatic schwannomas usually appear as hypervascular solid masses with or without various degree of cystic changes; however, they may show various morphology depending on the ratio of Antony A and B areas and/or secondary degeneration including cystic changes, hemorrhage, necrosis, and calcification, which may be misdiagnosed as liver metastasis from gastrointestinal stromal tumor or breast cancer, intrahepatic cholangiocarcinoma, or mesenchymal tumor on primary diagnosis. 4 To our knowledge, among the 23 reported cases of hepatic schwannoma in the English literature, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] only two cases of benign hepatic schwannoma appeared as multicystic masses, 6, 17 as in the present case. Both of these reported cases were preoperatively misinterpreted as hepatic hydatid cyst based on primary examination. Both patients were female, and the tumors were located in the right hepatic lobe. Both tumors were associated with secondary cystic degeneration, which contributed to a multi-cystic appearance. No precise descriptions of the imaging features, such as a tumor contrast-enhancement patterns, were included in the two previous reports, and in addition, no data regarding MR imaging features have been reported. In the present case, MR imaging showed a multi-cystic mass with a thin capsule and some loculi showing hyperintensity on fat-saturated T 1 -weighted imaging, reflecting hemorrhage within the mass (Fig. 1A-C ). An EOB-enhanced MR image depicted some arterially enhanced nodular areas and several gradually enhanced solid-like areas along the septa during the dynamic phases, and they became slightly hypointense at the hepatocyte phase (Fig. 1D-G) . In contrast, the cystic parts clearly showed more hypointensity than the solid-like part at the hepatocyte phase (Fig. 1G, H) . Based on the histopathological-imaging correlation, the arterial nodular enhancement and gradually enhanced solid-like areas during the dynamic phases corresponded primarily to Antoni A and Antoni B components, respectively. The slightly hypointense solid-like areas at the hepatocyte phase corresponded to both Antoni A and B components, but both the solid-like areas and cystic parts appeared to be similarly hyperintense on T 2 -weighted and diffusion-weighted images because regions corresponding to solid-like areas contained a predominantly myxoid component (Antoni B). Thus, the hepatocyte phase of EOBenhanced MR image may depict solid-like part including abundant myxoid component and cystic part as each different signal area due to paradoxical uptake of EOB in solid-like part, which is presumed to be attributed to interstitial diffusion of the contrast within the area of myxoid component. In the present case, massive cystic degeneration and hemorrhage were noted in the Antoni B areas, which were assumed to result from vascular thrombosis and subsequent necrosis. 4 The major differential diagnoses for hepatic schwannoma showing an unusual multi-cystic appearance include hepatic hydatid cyst (hydatid disease), MCN, and cystforming IPNB. Hydatid disease is a parasitic disorder caused by Echinococcus infection that is endemic in various regions of the world, including the Mediterranean, Africa, South America, the Middle East, Australia, and New Zealand. Hydatid disease can occur anywhere in the body. The liver is the most frequent site of involvement; it appears as solitary or multiple multi-cystic mass lesions, and calcification is more common in hepatic hydatid cysts. However, in these cysts, no enhanced solid parts or hemorrhagic areas within the lesion are observed, in contrast to hepatic schwannoma. 24 In addition, a diagnosis of hepatic hydatid cyst may be given less consideration in non-immigrants or persons without a history of travel to endemic regions. Cyst-forming IPNB is also considered in the differential diagnosis, because it can form solitary multi-cystic hepatic masses and is relatively frequently accompanied by mildly enhanced mural nodules. The characteristic findings of IPNB include a multi-cystic mass with a grape-like appearance, communication with the bile ducts, bile duct dilatation, and papillary projections into the bile duct. 25 These findings are helpful for suggesting cystforming IPNB. Finally, MCN, which is defined as a cystforming epithelial neoplasm with ovarian-like stroma and has formerly been classified as biliary cystadenoma or biliary cystadenocarcinoma, can closely resemble a hepatic schwannoma with a multi-cystic appearance. MCN occurs almost exclusively in females and appears as a well-defined multicystic mass (cyst-in-cyst appearance) with a capsule. 26 Moreover, MCN is sometime associated with hemorrhage and calcification. 26 However, in MCN, enhanced solid regions are less frequently seen, because the majority of MCNs show a benign or borderline malignant pathology. 26 Therefore, early and/or gradually enhanced solid-like areas reflecting remnants of the Antoni A /B portion may be helpful for distinguishing the two tumors, although imaging discrimination still appears to be extremely challenging and pathological diagnosis remains essential for diagnosis.
In summary, hepatic schwannoma should be considered as a differential diagnosis for multi-cystic hepatic masses, although it may have an unusual appearance. The solid-like areas showing early/progressive enhancement areas, reflecting remnants of the Antoni A/B portion, during the dynamic phases may be helpful imaging features for the differentiation of other multi-cystic hepatic lesions, but pathological evaluation remains essential for diagnosis. The hepatocyte phase of EOBenhanced MR image may depict solid-like part including abundant myxoid component and cystic part as each different signal area due to the paradoxical uptake of EOB in solid-like part, which is presumed to be attributed to the interstitial diffusion of the contrast within an area of myxoid component (Antoni B).
